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Considering the alignment of the QWRs which is responsible for the anisotropy of optical and electrical properties, we could invoke some techniques with respect to the symmetry.
Photogalvanic effect 6-11 provides us such a way to investigate the symmetry of the structure and also the spin or orbital behavior of the charge carriers. The phenomena of photogalvanic effect is the generation of a direct electric current induced by homogenous radiation in a homogenous sample. Photogalvanic effect arises due to the absence of an inversion center in a crystal lattice. If the radiation is circularly polarized, it is called circular photogalvanic effect (CPGE). The CPGE current in a two-dimensional system of C 2v symmetry can be written as
where τ p is a typical momentum relaxation time, α(λ) is the absorption coefficient, I is the intensity of the radiation, P c describes the helicity of the radiation andê x is the x component of the unit vector of the electric field amplitude. γ yx is a second-rank pseudotensor which correlates the helix excitation P c with the direct current j C,y . Further details of CPGE in two-dimensional QWs can be find in Ref. 6 and 12. In a two-dimensional electron system, structure and bulk inversion asymmetry (SIA and BIA) contribute to the zero-field spin splitting. The SIA arises from the asymmetry in the grown direction of the structure, whereas the BIA arises from the absence of an inversion center. For a system of C 2v symmetry, the relative magnitude of SIA and BIA can be extracted via measuring the components of the current in different directions 12 , which demonstrates the property in terms of the spin-orbit interaction in the investigated low dimensional system. The experimental setup is illustrated in Fig. 1 . The near-infrared laser radiation for the optical excitation has a wavelength of 1.06 µm and a power of ∼ 1 Watt. A photoelastic modulator (PEM) is employed to convert the incoming linearly polarized light into a modulated circularly polarized light with a fixed modulating frequency at 50 kHz.
According to the working principle of the PEM, the electrical signals from the samples referenced to the base frequency correspond to the circular polarization, while those referenced to the second harmonic frequency correspond to the linear polarization. The electrical signals are therefore measured using standard lock-in technique. The total electric current is given by
where j C(1f ) is the circular polarization contributed current, j L(2f ) is the linear polarization contributed current and j 0 is the polarization independent current which can be extracted by invoking an optical chopper.
We firstly investigate the photoconductivities 1,13,14 of the samples in different directions in order to take the anisotropic absorbance into account. The photoconductivity reads
where ∆n is the photogenerated excess carrier density, α(λ) is the absorption coefficient, g is the generation rate of the carrier pairs, I is the intensity of light, τ n is the life time of the excess electrons, e is elementary charge and µ n is the mobility of the electrons. Since the mobility of holes is one order of magnitude lower than the electrons, the contribution of holes to the photoconductivity is omitted in Eq. 3. The investigation of photoconductivity is done by applying a DC-bias between the contacts and recording the current referenced to 3 the optical chopper on the load resistor. Since the photogalvanic effect is proportional to the absorbance and intensity of the radiation and the charge carrier density (See Eq. 1), we could normalized the photogalvanic voltage by the photoconductivity so that the photogalvanic currents in different directions are comparable without referring to the anisotropic optical excitation.
The investigation of photogalvanic effect is carried out at room temperature by varying the azimuth angle β of the incident light, where the azimuth angle β (See Fig. 1 ) is the angle between the plane of incidence and the alignment of the QWRs. We vary β by rotating the sample and measure the photocurrents both perpendicular and parallel to the plane of incidence. The CPGE currents are shown in Fig. 3 . The experimental results of the azimuth angle dependence of the CPGE current can be well fitted by
where a 0 and a 1 are fitting parameters. In [110] direction, which is parallel to the alignment of the QWRs, the current j C,y reaches minima. In [110] direction, the j C,y is maximum. The results well demonstrate that the electrons are not confined in a single wire but move in two dimensions. We could extract the symmetric and anti-symmetric contributions of the CPGE as a function of the azimuth angle. Compared with the two-dimensional structure of C 2v symmetry in the same framework as described in Ref. 12 , we find that the current behaves similar to that in the two-dimensional system. Thus, we suggest that the CPGE current is induced in a quasi two-dimensional structure of C 2v symmetry in the vicinity of the QWRs and subjected to an influence of the QWRs pattern in terms of the anisotropic absorption. Therefore, we can also study the structure and bulk inversion asymmetry (SIA and BIA) 12, 15 in this quasi two-dimensional structure.
By taking the ratio of a 0 and a 1 , we can obtain the ratio of Rashba and Dresselhaus terms 9,16 of the quasi two-dimensional system
where R is the Rashba coefficient and D is the Dresselhaus coefficient. The ratios R/D in different samples are summarized in Table I . Since the samples differ from one another only in the deposition thickness of QWRs, the ratios of the SIA and BIA terms imply an interplay of the QWRs structure and the quasi two-dimensional system. As the thickness of 
